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.ByEdwardC.PolhsmusW RobertJ.Mom .’
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,. ISUMMARY

-.

.-

.- —
. .

,,, . . ,’

,A wind-imnnel”investigationwas.conductedto debmine tie “.low+peed
s’tibilityemdcontrolcharacteristicsofa comple%modelequipped“
@th a veetail.‘Ibildihedralsmgl.esOT35°,47, @ 55°were
testedandtheresultscomg!%redwithresfit~of~stqofa con~~~io~-
tailarmn.gemntusedwiththesamewing-fusela~=combination.!I!he’“”
crreaoftileTeetailwasslim

T
greaterthanthatoftheconvent30nal-

tailas~embly(apwox+2 percent,andtheveetailwasmounted.ona
smalldorsaltrum!-(10.mrcent.ofme-tailarea).‘Il~etotalwetted
areao-fthe.vee-tailassemb~v,therefore,wasapproximately12picent
greatgg..$hanthatofthsconventional-tailas~enbly.Theaspctratio
of,the veq tailTWW equalto that of the horizontaltailbut greater
than that of the vertiel tail.

The4P yeetailwasthebestofthosetestedwhenbothlongi-
tudigalend.lateralstabilitywe- concerned,sm.ditcontributed
@ yercentmoreLongitudinalanddirectionalstabilityand90percent
mmredihedraleffectthantheconventional.tail.

Theincreaseindirectionalstdbil.itywasduetothedorsal
trunkandtothefactthattheveetailhada @yeateraspectratio
thantheverticaltail.

Theincreaseinlongi~udinalstabilitywascausedbytheincrease
instabilizereffactivenessandthedecreaseintherataofthan@of
etfectivedowmwashwithangleofattackduetothehightaZlposition
endthefavora%leeffeetofsidewashatthetail.A methodof’
predictingthesidewasheffectispresen’$dinana~ndix. ——

. . .
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Theinvestf~ticmincludedstabilityandcontrolteskB, withand
withontwinsflaps,fOrtaildihdralanElesof~~9,@{o,and53°.

EWBOL9 -—n

Thesystemof’axesusedforthepresentationofthedata
to~therwithanindicationofthesenseof’theyxxltiveforces
andmommtsisprese~tidinfi@u%1. Allmumentsarepresentedabout
thecenter.of’gravity.Pertinent

% Lif’tCObf’fiCi~nt(Lift/qS}

CD dragCOOi?ftGieXlt (ka~/qS)

~ pitch~-mommtcoefficient-

symbolsaredefinedasfQllows:

( )Plt&ill&mm’kmt
qsa

*
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rolling-momentcostficient’
( )
Rollingmoment

@3b

yawin~-mmentcoefficten’t
( )
Yawingmoi3ient

qa%

lateral-forcecoefficient
( )
Lateralforce r

@

wingarea,squarefeet ..
wingspw,feet

wingmeanmrodynamicc@ord(M.A.C.),feet

(f/$dynamicpresswe,poundepersquarefoot p

massdensityo~air,slugs-percubicfoot

free-streamw310clty,feetpersecond

Machnvmler ..

a@Le’ofattackoffuselagecenterline,de~ees... -,
an~e ofdownwesh,degrees

-.—-
d?f’ectivedownwash(doynwashthatalonehass- effectas

downwashandsidewash) ..

stabilizersetting(ex@.ebetween.linecd?intersectionof
tailyanelsandfuselagecenterline),@egrses. . ..

angleofyaw,de~ees

control-surfacedeflectionwithreferencetofixedsurface
andmeasuredinplsmenormaltoftimdsurtaca,.degrae~

taildihedralan@.ewithreferencetohorizzmhal,~gree”s

Subscripts: .

t. tail

o elevator
h

. r rudder
..

“

.—
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mam.wedvalue

demotepartial
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derivativeof.e.coefficientW?.thretipectto .%

:,
Mm.m”M@ AEPARATW

Themodelequippedwitha 470Teetkil.isehnwnmoiudnd-in
theLeu@ny300MPH7-hY3.O-foottunnelinfisurefi2 and3 @ a
three-viewdrawingof’themodelastes”kdispresentedinfi@re4,
Mtailsoftheme-tailpanelarepresentedini?i~w.re5;d.wtailsof’
theconventional-tailassemb~yareshowninfi~wras~ and7.

Themodelwasconetructarlofwoodattache~tomeW3.raiuforc~
memberswithCymleweldcementexceptfortheall-natalcontrol
Huxfacea,The‘All-controlsurfacesandwinfjflapswere20-porcont-
ohoz’dplainflaysandtheaileronswere15-pmcent-chprdplainfI.e.Als.
,All.controlswereflat-sidedfromthehi~ellnetothetraillnG@i@
andallcontrolgepswereeed.ed.

Specificmcdelconfi~ationareferredtohereinareaafollows:

(a)HLgh-speedconfiguration
Flapsretracted
Landinggearretractec%

(b)LandinCccmfiguration
Flapsdeflect%d60°
Landing~er extended

ThetestsworeconductedintheLa.n@.ey300MI%7-%y10-foottunnel,
whichi~-a closed
andispowerwlby

Test@fn the
pressuresof88,5

k...

●

.-

rectangulartunnelwitha contractionratioof14:1
a 1600-horsepowersynchronousmotcr,

TESTS
.>

TestConditions “

high-sedconftgura~ionwerer~ atdynemic
?and1 ~.2 Fouiidepersquarefoot.‘Testsinth3 .-
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landing configuration
pi- f3quarefoot,The
andRe.-oldsn-amber(haeedona wing~an aerodynamicchordof “

imierun at’ a
corresponding

1402ft)wereas.foilowO:“““’-’””“t ““ “-. ‘:. “’ “- “--

.

m-k
31M
put

, .,

*-

,.

. . .

:,. -

., ..,:..— _______

%lachnmlx5rReyrioldan&!..&
.=:”rf;y’wq ..,_.

‘3395’. ” ‘ 0.15’ &
. ‘88.5 “ - . *.25%

165.2 : “ .3’5‘

SupyortEr&uf.m● Jot-bound.exyc$orrec%ioqsweuemmpu:hiedaafollows
‘(rbf&rbnLe-2),wherethesulsctiiptaureferstothe-measuredvaiues: “

. . . ~=

CD ti

C!m=

cm=

Cz=

Cn c

. . ..”,

%“+ o’*8f%ya

c% + o.o12~* ‘

O.geczm

,. ..

. . .
.,. ,

. . . ..-_

,..

(t+ f@S unreflected.)

(forflapsdeflected)

— .———

.

..
.!.

,., .“-
,.-

,L -

.,.

. .
hasbeenaddedinordertoaccount”forthehorizontalbuo@ncyeffected
bythel.on&ttud~l stitic pressuregradientin the twmel..
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Anoutlineofthefi~es presentingthez%sultsisasfoliows:.‘.

Basicdata: .,.”, .... .l?iguxe
E2evator&sts. ~....- ●.o.” . . .. s.”.. . . ..s 8t010
Stalxl.lizertests, ..c. ; . ... . . . . . . . . .“s”:O lltu13
Domwashattail,... ..ti...~,-...~, ., .0..14
Ruddertests..’..., ., . . . . . . ...-”.. . . . 15“%027
ktird,-pxeqiete~tests.. . . . . . . . . . . . ... .. .,18

I%mmarydata:
Vtiiatj.onof-
Vai’iittcln”of
Vbriatio.uof
variationof...

.

Eor$zontaltailcharacteristics.-Meanvaluesdescribingthe
effectivenessoftheeleyatorandstabtl~zerfortheclifferent
di.hodralan@.esareplottedagai~t-taildihedralangleinfigures1>
,shd20,respectively.The,valuesat ft= 0° thataxeWesentedwere

.
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obtainedbymultiplyingthevaluesobtainedwitha conventional
horizontaltailofthessmeaspectratid(dataobtainedinthe
~e~ 3~,m 7-by10-foottunnel.)onthesamewing-fuselage
oomhinaticmbytheratiooftall~eas● Alsopresentedinthese
figuresme thetheoret,icalvariatias‘basedm theisolated-tail
theoryofreference1. Theexperimentalendtheoreticalresults
areinfairagreement,butthegeneraztrendoftheexperimental
resultsseemstoindicatethattheremy bea sli@t increasein
.ef$ectivenessat the higher~ihedralanglesover thatpredictedby

“ thetheory.

Downwas~-_atthetail,-Theaverageeffective-downwashvalues—. .—
forthevarioustaildihedralanglesarepresentedinfigure14.
Thesevalueswereevahatedfromtail-onendtail-offpitching
momentsjand,sincethepitchi~momentmntributedby‘aveetail
dependsonsidewashaswellasdownwaeh,theeffectivedownwa~h,
ratherthantheactualdownwashexisting@ we vertical“plane,
isobtained..Theeffe.cttvedcmwashisdefinedasthedownwashthat
alonewouldproducethesamepitchingmomentasthatproduc@by
theactualdowpwashandsidewash.A wethodofestimatingthe
effect‘ofsidewashoneffectivedownwashandlo~itudinalstability
ispresentedintheappendix.

Figure21showstheeffectoftaildihedral.ex@e ontherateof
changeofeffectivedownwashanglew$thangleofattack.Twotheo-
reticalvariationswithdihedralanglearealsoihclu.ded.Ouecurve
takesintoaccowxtthechangjeintail’hei~tandwasdeterminedfrom
thechartsofreference4by assuming the tall hetghttobeequalto
we heightofthetailmeanaerodynamicchord.Theothercurve
includetiboththeeffectoftailheightandtheeffectofsidewash
(seeappendix)md isinfairagreementwiththeexperimentaldata.. .

R~dereffectiveness.- Valuesoftherudder-effectlvenese—.-—. —.—.
parameterCn6 obtainedfromfi.fyres15to17am plottedagainst

r
taildihedralangle~t ,infigure22. Thetheoreticalvariation
of cn with ~t, as esttiated,fromthe isolatid-tailtheoryof

%,
“reference1, is also presented. Theincreasein Effectivenessis
probablydue‘m”the rudderind~cedloadcarriedbythedorsal
trl.qlk. Alsopresentedinfigure22arethevariationsof Cz

d

%
and Cz %5 with rt, Theratioofadverserollingmomen~to

r
favorableyawingmo~ntsproducedbyrudderdeflectionisgreaterfor
theveetail.thanforwe ccmventional@il.

Ejg@clcqlg.i~~ml.stabilit~e”Theneutral-pointlocationsfor—.— .. .
both the cruisiW andlandi~ configumtixmsare presentedin figure 23.
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Thetail=off neutgalpointsandthe asswrkdcenter-of-gravity~ocj.tion
at 25 percentM.A.C.aboutwhichthemomentswerbnieasuredare also
indicated. Thecurvesindicatethat-themdel withthe vee tail-has
greaterlongitudinalstability thenthemodelwiththehorizontal -
tail for the threetail-dihedxalanp~eetest@d.!llm4’7°tail,which
accordingtoisolated-tailtheoryshouldConti-tbuto tk same
longitmiinal~tahilityasthehorizontaltailtested,actually
contributes40percentmorelongitudinalstabilitythanthehorizontal
tall.!IWevariationof

()c% t
with,rt is presentedinfigure24.

Forcomparison,thehorizontal-tailcontribu~im(I’t4 0°)-S
increasedbytheratioofthevee-tailareatothehori.zontal+ail
area,Alsopresentedin.thisfi@e,isthetheoreticalvariatfcxlof

(%)
with rt, andSt canheseenthatthedecreaseh

a.t .
longitudifilstabilitywithdihedral.an@e.isgve~estjmated..The
overestimateddecreaseinstabilityceabeaccountedforTythe
increaseinstabilizereffectivenessand.thedecreaaeintherateof
changeofeffectivedownwashwithsr@e ofattaokduetotheincrecwed
tailheightandthefavorableeffectofsidewaeh.A methodof
estimatiln~thissidewasheffectispresentedinthoappendix,

Staticdirec~ionalandlateralstahi.~=~..-‘@e.staticlate~-
stabilityparametersdeterminedfrompitchtestsatyawangles
of7°and-5°forloththehigh-s~eedqndthelandingconffguratl.ona
areplottodagainster@e ofattack.j,n?tgurolo. Inthehi~-syced
configurationa largeamountofdirectionalandlh%eralstabil~
existsforallthreedihedralan@esaztithemaxmn stabilitywould
appear‘moccurataotnean@ebe~ween47°and~~”.Intholemding
configurati~thehi~hstaticdirecti.cmal~tabfl.ityendthedihe@al
effectareindicatedforanGlesofattackbelow6°.Atove@ the’reis
a slightlossofdihedraleffectanda lar~elossinUreciional
stability-It-willbenotedthatthe47°veetail,whichIHthobest
ofthoQetested,oontributectapproximatelyhOpercentmo~olon@tudinal
anddirectionalsta%ilityahd~ pe’rcontmorqdihedraleffectthan
theconventionalt-ail.Theincreaseindirectiawlstability,however,
isduetothefacttiattheaspectratio.oftheveeta$iisgreater
thm thatoftheverticaltailandduetothedorsal.$zm@uponwhich
theveotailwasmounted:Theeffectoftiistrunkcanbe seen in
figure25,whichpresentitheactualandtltioretiielvariationsof ‘.
thetailcontrilmtiontodirectionalstability

()
andtoc%!.L,

()

,..
dihedraloffe.ct titht~lldihedralar@&. ‘I&e reasons for

Cht ., ;,

thelargecontributionto“directl’~1stibilityof this small”tle

(apprti.10percentofthevee-tailqrea).arethatthetrunkincreases
the effective
effectiveness

effectiveper

aspectrati,ooftheve,e-”;@j.Jinyaw,-”Sj.nC&iMll-
is@?’oportia$alto“sin%t,thistr~~ismor~

unitareathantheveetail.

.
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!t’hehi@, d$hedraleffect (equivalentto ap_prox.L6.50of
winggsmetiic dihedral”for .tihe.,-4Pt+) is dueto the hi& @ometric
dihedmalof the tail. ., --. , .—.. ,.-...... ., ., ._ —,. . -..- .. :. . ● -. ..’’-.. .,. —...,._

COI?C!LTJSIONS

Fromlow-weedwind-tunneltestsofa ccm@.etemodelequipmed
witha veetailhatingtaildihedralaigl.esof35°, 47°, =“ 55D‘imd
fromoompqrisonswithWetsofa conventional&il usedwiththe
samewing-fusela~combination,thefo3MwinFJconclusionsyi$hre~,
tostaticstabilityaridcontrolwerereached.:‘ ..

1. The47°’me tailappearedto,be‘thebestc%thoset8sG~
whenbotilm.@tudhalandla’ceralstabilitywereooncejrnmi,

2.The47°veatafl,theareaofwhichwasapproximatelythesam
[2Percentereaterjastheconventionaltailassembly‘butwasmoupted
ona smalldorsaltrunk(10percentbfma-t+ area),contributed,
kOpercentmorelongitudinalanddirectiotistab$li~and90percent
moredihedraleffectthanthecontintionaltail. ...,-

3s me inWfWt3in directional stability wasdueto the dorsal
lawnkandto the fact that the vee tail hada great9ras--et~ratio
thentheverticaltail. .-

4.Theincreaseinlongitudinalstabili~wascausedbytb ‘
increaseinstabilizereffectivenessandthe“decreaseintherate
ofchangeofeffectivedownwashwithangleofattackdueto the hia
tail psitionand,thefavorableeffeetofsid.ewashattlietail.

. .

,,
$

‘. - ..

..— —

. .

~. ThemeaeuredvariationsofB&bilizerandelevatoreffectiveness
withtail dihedxalanglea.gree~fairlywellwiththeisolated‘tail
theory.

-w ~-r~~ A=wuti~l WboratOrY
NationalAdvisoryCc!rmi.tteeforAeronautics

LangleyTield,Va.,July31,1947 ,

—

.

.
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M!3THODOFEIIZM.AZCNGSID.EW3HEFFECT

a

(%--tau.

0CLtail

()CLaN

‘t
(j-u)\

tail
b)
2

‘w

%

9.

!i*

w

qlilmd.s

..-

ONLONGITUDINALST.M311JXY

un.gle ofattackof’ aiqil.ane in plane of Hymmeti-y

—

.

—

10C&il chord

tai3.Lengtk

actual(not

wln~area

fxoe-stream

Cftail . ,,

measured.fromc,f;,to ‘;t/k ..

projected)ereaoftiil.

dyneaic presmu-e

effectiwc@amicpressureattail

totalinducedvelocityinvertioal_phna(q + ~)

.

.
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‘T velocity in vertical @sneinducedby trailin~vortices
(tomrash)

velocity in vertioal.plaa.einduced. %y bound vort3x
(downmsh)

vqloc ityin@ane normaltovertical@ane iinduced.by
trailingv-ort$oeu(sidewash)

.

totalil-MiuGeavelocityi??@,Ilermm&L to tailpanel

t.m.gentlalvelmx~ w? a vortexat Y for unitcirculation

ilistan.cefrm vrxtaxoamterto Qointtn question

—-

hk ihcgk

is

., .

ani
.

as Tolbws (see fig. 26): -
—.-

13y
.

(,)CL-an ()( ,)=c%q‘Cosrt”%CUsrt

(1)

(2)

-. “—

(3)

,, .
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Now

and.bysubstitutingequation(3)”inequation(4)

or

.-

Sinceall
presented

replao~

aud ~N=

lWXTNNo,1478

(4)

availa%letheoreticalexitexperirmfml.induoedanglesaro
asdowawasham.glee,c,
‘A ~~~ ~

equation(~)willberevleed,bJ
he

h anda correctionfactor.S3nce6 =~
WJ
v>

(5’)

(6j

By eubstitutin~equation(6)ineqmtion(~)

(8)

.

.

.
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values of z may be oMmln.edfromthechertsofreference4 by
useofa ‘tilhe%@teq~ ‘totheheightoftheM.A.C.ofthe&tl.T?N
ValuesOf’— maytie”obtainedasfollows:w Cosr%

~ cos rt w Cosrt w Cosrt

or

{9)
.

“~; “ An”approx+-’bevalue~ may%e obtainedfromthefollowing
equationwhichwasderivedfromtheequationfordownwashduetothe

IT +’ -1- & + X1X2+ SQ

thetwotrailingvorticesJ3quation{10)isfora pointmidwaybetwen
intheplemsofthehorseshoevortexbutis
thesecalculations.

asfollows:Byassure@a horseshoevortex
of%b win~span(seefig.27),theIntuced

suff to ientlyaccuratefor

maybedeterminedgraphically

ofspanequal.to90percent
velocitiesduetothe

t~ailingvorticeslathenOrmaiandverticalplanestieobtained
atvariousspanwisestationsofthetail,Inasxnzchasoay velocity
ratiosaredesired,thetzanpjen$inlvelocityv ofthevor-iexat
firstspan~ti~epointinvestigatedmaybedrawntoanyconvenient.

.
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easily drown sinceitis
fromthevortexcenterto

localchmi’d.andIntegratedovertheswuiin’order”toobtainan
averagevaluotosubstituteinequatian(9).Thisp~ocedure-need
bedonefo~’o@v onop~el sintoItwillhethssameforboth.

Fromfigure27itcanbeseenthat - islcsathanunity
WTCOBI?t

andthatthereductionisduetothestdewashW3.

1.Purser,
ofa
Data

2.Gtllis,

z. Ihm,A.: BlockageCorrectionsb a ClosedHi~~Speed.T@nol. - ‘-- .-
‘R.& M.Ho.2(?~3,BritishA.X.C.,1943.

—
._.-

—.

.-.
1
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Relativewind *

‘~AL — 4- /\

,

d

x~-
Relativewind

.

/

a

NATIONAL AOVISORY

Vz WMMITTEE FOR AERONAUTICS

Figure l.- Systemof axes andcontrol-surfacehingemomentsand
deflections. Positivevaluesof forces, moments,andanglesare
indicatedby arrows. Positivevaluesof tabhingemomentsand
deflectionsare in thesatie directionsas thepositivevaluesfor
thecontrol surfaces to whichtie tabsare attached.
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Figure2.- FrontviewofmodelmountedintheLangley300MPH
7-bylo-foothmnel.

1
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Figure3.-RearviewofmodelmountedintheLangley300MPH
7-bylo-foottlmnel.

.
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2.6tl”~ WIM area @ludlnK mlk3r0m, flaps, fwchge), q ft .... .... 8J26
cmtmlstuhaa8raEam

‘u@ flw+ w H .................................................... g.T&

4
Mmnin, cqn ...................................................... .
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Wlrq SeltlwgL , ‘:::.:::=3
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I
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,
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1
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-q-2,/7”
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/.

El
z
~
.
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Figure4.- Three-viewdrawingofthemodel.
.
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Figure5.-Vee-tailpanel.Area(total,notticlud@trunk),3.31squarefeet;area
(dorsaltrunk),0.32squarefeet;aspectratio,5.0.
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Figure 6.- Vertical tail. Area (total),1.60squarefeet;
aspectratio, 1074.
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. Figure8.- Effectof elevatordeflectionon tie aerodynamic
characteristicsin pitchof themodelwitha 35° vee tail.
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Figure9.- Effect of-elevatordeflectionon theaerodynamic .
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